Introduction
Palladium-catalysed allylic substitution reactions have emerged as a powerful methodology in organic synthesis; [1] the use of chiral auxiliary ligands can result in the formation of optically active products. Initially, chiral diphosphane ligands were predominantly used, while in recent years, asymmetric mixed-donor ligands have proven to be advantageous. The use of P,N-, [2] P,S-, [3] and S,N-donor [4] ligands in particular has resulted in high enantiomeric excesses in allylic alkylation reactions, which is attributed to the electronic effects of two different donor centres present in these ligand systems. In contrast to most other transition metal catalysed reactions, palladium-catalysed allylic alkylations do not rely solely on a single mechanism as a source of asymmetry. [5] Differentiation of the enantiotopic spectroscopic data were consistent with a mechanism involving the opening of the η 3 -allyl group at the trans position with respect to the phosphorus centre. The isomerisation thus appeared to be electronically controlled. The complexes [Pd(η 3 -MeC 3 H 4 ){η 2 -Ph 2 P(S)N(CHMe 2 )PPh(N 2 C 3 HMe 2 -3,5)}](PF 6 ) (7) and [Pd(η 3 -PhC 3 H 4 ){η 2 -Ph 2 P(S)N(CHMe 2 )-PPh(N 2 C 3 HMe 2 -3,5)}](PF 6 ) (8), bearing the diphosphazane monosulfide Ph 2 P(S)N(CHMe 2 )PPh(N 2 C 3 HMe 2 -3,5) (1c), displayed P,S-coordination and existed in solution as six and four isomers, respectively. Exchange was observed among four of the six isomers of 7 and among all the four isomers of 8 at 298 K, through the opening of the η 3 -allyl moiety, which appeared to be subject to both electronic and steric control.
( Wiley-VCH Verlag GmbH, 69451 Weinheim, Germany, 2002) faces of a π-system is one possible mechanism, but the source of the enantioselectivity is complicated by the problems associated with the regioselectivity of nucleophilic attack, possibility of various configurational isomers, and the existence of several stereodynamic processes. [6] The reaction proceeds through a (π-allyl)palladium intermediate and the configuration of the organic product strongly depends on the nature of this intermediate. There is growing interest in understanding the solution structures and the dynamic solution behaviour of the chiral (η 3 -allyl)palladium intermediates, as these may be related to synthetic methods affording optically active products. [7] The situation becomes even more complicated when both the auxiliary ligands and the allyl moiety are asymmetrical; in this case, various geometrical isomers with different allyl face coordination would result, as well as allylic arrangements. As a part of our ongoing investigations into the organometallic chemistry of diphosphazane ligands, [8Ϫ9] we have recently begun a program of NMR studies of (π-allyl)palladium complexes of diphosphazane and related ligand systems based on the PϪNϪP motif. The diphosphazane ligands display versatile transition metal organometallic chemistry [10] and these ligand systems can be suitably modified, thus providing access to a range of mixed-donor ligands. Despite extensive studies of the reactions of diphosphazane ligands with sev-eral transition metal precursors, the allylpalladium chemistry of unsymmetrical diphosphazane ligands has not been explored except for a brief report on allylpalladium complexes of Ph 2 PN(H)P(O)Ph 2 . [10d] Here we report the synthesis, solution characterisation and dynamic behaviour of (η 3 -allyl)palladium complexes bearing phosphorusstereogenic diphosphazane ligands Ϫ Ph 2 PN(R)PPh-(N 2 C 3 HMe 2 -3,5) [R ϭ CHMe 2 (1a) or (S)-*CHMePh (1b)] Ϫ and the diphosphazane monosulfide ligand Ph 2 P(S)N(CHMe 2 )PPh(N 2 C 3 HMe 2 -3,5) (1c). In the case of 1b, the (S C R P ) diastereomer, the absolute configuration of which has been determined by X-ray crystallography, [8d] was used for the preparation of allylpalladium complexes.
Results and Discussion

Synthesis
The cationic allyl complexes 3Ϫ8 were prepared by treatment of the chloro-bridged allylpalladium dimer 2 with the appropriate ligands in the presence of NH 4 PF 6 in acetone (Scheme 1). These complexes have been characterised by elemental analyses and NMR spectroscopic data (see Exp. Sect.). Several isomers are possible for complexes that contain an unsymmetrically substituted allyl group. In the first place, isomers can arise because of different modes of coordination of the ligands (e.g., P,P or P,N for 1a or 1b, P,S or P,N or N,S for 1c). Secondly, geometrical isomers can be formed because the substituent on the allyl moiety can be oriented in a cis or trans position with respect to one of the phosphorus atoms. Thirdly, several allylic arrangements are also possible since the substituent on the allyl moiety can be positioned syn or anti with respect to the central allyl proton. Additionally, for each of these isomers, diastereomers can arise owing to the different face coordination (exo or endo) of the allyl group. The isomeric composition in each case was determined by NMR spectroscopy. The sali- Table 1 ) in different isomeric ratios, revealing the presence of three isomers. The structures proposed for these isomers are shown in Figure 1 . Analysis of the 13 C NMR spectra of the allyl carbon nuclei pointed to P,N-coordination through the nitrogen atom at the 2-position of the pyrazole ring (see Table 2 ). The resonances of the central allyl carbon atoms of all the isomers appeared as doublets. For P,P-coordination, one should observe a doublet of doublets pattern in the 13 C NMR spectra for each of the palladium-bound allyl carbon nuclei. The signals for terminal allyl carbon nuclei appeared as two doublets and were assigned on the basis of the twobond phosphorus-carbon coupling and a 2-D 13 C-1 H HSQC experiment. The doublets in the 13 C NMR spectra in the δ ϭ 94Ϫ105 and 78Ϫ80 ppm ranges, with 2 J P,C values of 28Ϫ31 Hz, were assigned to the substituted terminal allyl and unsubstituted terminal allyl carbon atom, respectively, trans to the coordinated phosphorus centre. On the other hand, the resonances for the substituted and unsubstituted terminal allyl carbon nuclei trans to the nitrogen atom appeared in more shielded regions (δ ϭ 64Ϫ77 and [b] Overlapped by signals arising from the ϪPPh(N 2 C 3 HMe 2 -3,5) phosphorus atom of isomer 7d.
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[a] The 13 C NMR spectra were recorded in CDCl 3 at 298 K except for 3 and 8, in which cases a 1:1 mixture of CDCl 3 and CH 2 Cl 2 was used. The 13 C-31 P coupling constants are given in parentheses. C t is the terminal allyl carbon atom trans to the coordinated phosphorus centre. C t Ј is the terminal allyl carbon atom cis to the coordinated phosphorus centre. C c is the central allyl carbon atom.
[b] 2 J P,C trans .
[c] 2 J P,C cis . [d] Overlapped with central allyl carbon resonance of 4a.
[e] Overlapped with C t Ј resonance of 7a.
[f] Overlapped with central allyl carbon resonance of 7c.
51Ϫ56 ppm, respectively) with 2 J P,C coupling constants in the 3Ϫ6 Hz range, typical for two-bond coupling of phosphorus and carbon nuclei in a cis orientation. It is well Eur. J. Inorg. Chem. 2002 Chem. , 2047Ϫ2056 2049 documented that in cationic allyl complexes with phosphorus ligands the 31 P nucleus shows a larger coupling constant with the terminal allyl carbon atom in the trans position than with that in the cis position. [11] In all the major isomers (3a, 4a, 5a, and 6a) and in the second most abundant isomers (3b, 4b, 5b, and 6b), the coordinated phosphorus atom and the substituent on the allyl moiety had a trans disposition. The remaining isomers (3c, 4c, 5c, and 6c) were assigned structures in which the coordinated phosphorus atom and the substituent on the allyl moiety had a cis disposition. The P,N-coordination was also supported by the 31 P chemical shifts (see Table 1 ). Transition metal complexes of the ligands 1a and 1b usually feature P,P-coordination.
[9] The driving force for P,Ncoordination in the (η 3 -allyl)palladium complexes 3Ϫ6 might be the formation of a stable six-membered chelate ring around the palladium centre rather than the four-membered ring that would result from P,P-coordination. Moreover, coordination of a stronger σ-donor nitrogen atom would electronically stabilise the allylϪpalladium bonding much more than coordination with a stronger π-acceptor phosphorus centre, by enhancing the metal-to-allyl backbonding.
[12] Such a pronounced electronic effect is well known [13] and is reflected in the 13 C NMR parameters (see Table 2 ).
The 1 H NMR spectra of the complexes 3Ϫ6 showed three sets of four nonequivalent resonances for the allylic protons at 298 K. The magnetic nonequivalence of the allylic protons arises because of the asymmetry in the ligands 1a and 1b. The presence of two anti-allyl protons in each set of signals indicated a syn arrangement of the allyl substituent with respect to the central allyl proton in each isomer. The major isomers of these complexes showed NOE contacts between the 3-Me protons of the pyrazole ring and the central allyl proton H c . This result indicated that the central allyl hydrogen atom H c pointed towards the 3-Me group of the pyrazole. Hence, the major isomers (3aϪ6a) have the endo,syn,trans arrangement. [7b,14] For the second set of isomers (3bϪ6b), the pyrazole 3-Me protons did not show NOE contacts to the central allyl proton H c but there was an NOE contact to the anti-allyl proton H a . The central allyl proton H c thus pointed away from the 3-Me group of the pyrazole, and so these isomers (3bϪ6b) could be assigned the exo,syn,trans configuration. The central allyl proton resonances for the endo isomers 3aϪ6a appeared at a more deshielded region (δ ഠ 5.7 ppm) than those (δ ഠ 4.5 ppm) for the exo isomers 3bϪ6b. This trend has also been observed for other allylpalladium complexes [Pd(η 3 -1,3-RЈ 2 C 3 H 3 ){η 2 -Ph 2 PN(R)PPh(N 2 C 3 HMe 2 -3,5)}](PF 6 ) [RЈ ϭ H, Me or Ph; R ϭ CHMe 2 or (S)-*CHMePh] bearing 1a and 1b ligands. [15] On this basis, we assigned the endo,syn,cis configuration (see Figure 1) to the third set of minor isomers (4cϪ6c) as the chemical shifts of the H c protons in each of these isomers were close to those observed for 4aϪ6a. The cis geometries and the syn-allylic arrangements for the minor isomers were confirmed by 13 C NMR (see Table 2 ) and 2-D NMR spectroscopy, respectively. The 13 C and 1 H NMR signals for isomer 3c could not be ob-served because of its low abundance and poor solubility in CDCl 3 . However, the 31 P chemical shift and P-P coupling constant values for 3c were similar to those of 4c, and so an endo,syn,cis configuration may tentatively be assigned to 3c. An important difference was observed between the relative abundances of the isomers of 1-methylallyl and 1-phenylallyl derivatives. For the 1-methylallyl derivatives (3 and 4), the exo,syn,trans isomers were present to an extent of 40%, whereas for the 1-phenylallyl derivatives (5 and 6) , the exo,syn,trans isomers were present to an extent of less than 10%. The low relative abundances of the exo,syn,trans isomers in the case of 1-phenylallyl derivatives is probably related to the steric demand of the larger phenyl group on the allyl moiety.
Dynamic Behaviour of the Complexes 3؊6
The dynamic behaviour of the complexes 3Ϫ6 was examined by 1 H-1 H NOESY and ROESY spectra. No exchange among the isomers of complexes 4Ϫ6 was observed in CDCl 3 at 298 K. For complex 3, on the other hand, exchange between the isomers 3a and 3b was observed at 298 K in [D 6 ]acetone. The high-temperature (323 K) 1 H-1 H NOESY and ROESY spectra for the complexes 4 and 5 revealed that the major isomers 4a and 5a exchanged with the minor isomers 4b and 5b, respectively, in a way similar to that observed for the isomers 3a and 3b at 298 K. The phase-sensitive 1 H-1 H NOESY spectrum of complex 4 recorded at 323 K is shown in Figure 2 and the exchange re- sults are summarised in Scheme 2. Pregosin and coworkers [16] have shown that this type of exchange can be explained in terms of a selective opening of the η 3 -allyl moiety at the trans position with respect to the phosphorus centre to generate an η 1 -bonded intermediate, followed by a rotation around the sp 3 -sp 2 CϪC bond and reversion to the η 3 -mode of coordination by the other face of the allyl group. This type of electronic control over the interconversion process is especially well known in cases of mixeddonor P,N-, P,S-, and P,O-bidentate ligand systems.
[17Ϫ19]
The minor isomers (4c and 5c) did not show any observable exchange even at 323 K, but their formation can be interpreted, starting from isomers 4b and 5b, respectively, in terms of cis,trans isomerisation by rotation around the PdϪC bond in the corresponding η 1 -bonded intermediate.
Solid-State Structure of Complex 5a
The details of the crystal data are presented in Table 3 . The molecular structure is shown in Figure 3 . The solidstate structure reveals the presence of only one isomer with P,N-coordination and a trans disposition of the syn-allylphenyl group with respect to the coordinated phosphorus centre. The central allyl carbon atom C(2) and the 3-methyl carbon atom C(10) of the pyrazole ring in 5a lie on the same side of the coordination plane defined by P(2)ϪPd(1)ϪN(3), thus revealing an endo arrangement in the solid state (endo refers to the relative orientation of the central CϪH vector pointing towards the 3-methyl group on the pyrazole ring [7b,14] ). The bonding parameters fall in the expected ranges observed for cationic allylpalladium (2) ϭ 167.8(6), P(2)ϪN(1)ϪP(1) ϭ 122.5 (6) complexes bearing P,N-ligands. [17b,20] The coordination geometry around the metal centre is distorted squareplanar, with the N(3)ϪPd(1)ϪP(2) and C(1)ϪPd(1)ϪC(3) bond angles 85.4(3)°and 64.0(8)°, respectively. The two terminal allyl carbon atoms are not exactly coplanar with the coordination plane formed by P(2)ϪPd(1)ϪN(3). The distances of the terminal allyl carbon atoms C(1) and C(3) are 0.120 Å and 0.089 Å , respectively, whereas the central allyl carbon atom C(2) lies at a distance of 0.703 Å from the plane. The terminal PdϪC(allyl) bond lengths are significantly different from one another. The carbon atom trans to the phosphorus atom displays the expected longer bond length [Pd(1)ϪC(3) ϭ 2.263(2) Å ], as compared to its partner trans to the nitrogen atom [Pd(1)ϪC(1) ϭ 2.075(2) Å ]. This is consonant with the larger trans influence of the phosphorus donor. [13] This elongation of the PdϪC(terminal allyl) bond length trans to the phosphorus atom relative to that trans to the nitrogen atom is consistent with the proposed mechanism (Scheme 2) involving selective opening of one of the allyl termini. The six-membered chelate ring adopts a distorted boat conformation; P(2) is almost coplanar (deviation 0.168 Å ) with the plane formed by N(1)ϪN(2)ϪN(3), while Pd(1) and P(1) lie on the same side of this plane at 1.063 and 0.778 Å , respectively. The P(1)ϪN(1)ϪP(2) bond angle is increased to 122.5(6)°, compared to a value of ca. 100°observed for P,P-coordinated complexes.
[9]
NMR Studies on Complexes 7 and 8
The 31 P{ 1 H} NMR spectrum of an analytically pure sample of [Pd(η 3 -1-MeC 3 H 4 ){η 2 -Ph 2 P(S)N(CHMe 2 )PPh-(N 2 C 3 HMe 2 -3,5)}](PF 6 ) (7) in CDCl 3 showed ten doublets arising from six AX spin systems. The two missing doublets (from the fifth and sixth isomers) overlapped with those arising from the major isomers, as revealed by a 31 P-31 P COSY spectrum. A 24-line spectrum was consistent with the formation of six isomers. The relative integrated intens-ities of the doublets indicated that the six isomers were present in the ratio 21:10:9:6:2:1. The allyl 13 C resonances for these isomers were assigned by recourse to a 13 C-1 H HSQC experiment. Analysis of the 13 C NMR spectrum showed a doublet pattern with a 2 J P,C value of ca. 30 Hz for one of the two terminal allyl carbon resonances in the cases of isomers 7aϪ7d, indicating bonding of one phosphorus atom with the palladium centre. From the 31 P chemical shifts (Table 1 and see also below), we were able to conclude that the pyrazolyl-bearing phosphorus atom and the sulfur atom were coordinated to the palladium centre. This conclusion was supported by the 13 C chemical shifts of the allyl carbon nuclei, when compared with the chemical shifts of allyl carbon nuclei of P,N-coordinated complexes 3Ϫ6 (see Table 2 ). It may be noted that the chemical shifts of allyl carbon nuclei trans to the nitrogen atom indicated that they were more shielded (by about 10Ϫ20 ppm) than the allyl carbon nuclei trans to the sulfur atom, if we consider the similar allyl isomers in both cases. Ligand 1c, in contrast to 1a and 1b, thus did not coordinate through the nitrogen atom of the pyrazole ring, P,S-coordination presumably being favoured because of the formation of a stable five-membered ring around the palladium centre. The competitive N,S-coordination would give rise to the formation of a seven-membered chelate ring around the palladium atom. The fifth and sixth isomers (7e and 7f) could not be detected by 13 C NMR, owing to their low relative concentrations (present at less than 5%). However, the similarity of their 31 P chemical shifts with those of other isomers (7aϪ7d) and the multiplicities of the allyl resonances in the 1 H NMR spectrum suggested that these isomers must be structurally closely related to 7aϪ7d.
The 1 H NMR spectrum of complex 7 showed several broad signals; in addition, the chemical shifts of several allylic proton resonances were very close. However, a careful analysis of various 2-D NMR spectra ( 1 H-1 H DQF COSY, NOESY, and ROESY) resulted in a correct assignment of the allyl protons. The intra-allyl NOESY spectrum revealed that in the four isomers 7aϪ7d there was a syn arrangement of the allylmethyl group with respect to the central allyl proton (H c ), while in the isomers 7e and 7f there was an anti arrangement of the allylmethyl group and the central allyl proton. The interligand NOE cross-peaks confirmed the configurations of these isomers. One of the methyl groups of the pyrazole ring came close to the central allyl proton H c and to the syn-proton H s Ј in the endo isomer, whereas for the exo isomer the anti-allyl proton H a Ј showed NOE contact with this methyl group. The structures assigned to the six isomers on the basis of NMR measurements are shown in Figure 4 . The structural assignments for 7a and 7b are unequivocal, while there is some uncertainty with regard to the structural assignments for the other isomers (7cϪ7f) because of the overlap of the pyrazole methyl proton signals arising from these minor isomers. However, studies on the exchange behaviour of the isomers (see below) lent support to the assignments. The 1 H-1 H phase-sensitive NOESY and ROESY spectra at 298 K in CDCl 3 showed that isomers 7aϪ7d were in (8) equilibrium with one another. The exchange followed an η 3 -η 1 -η 3 pathway, with the opening of the allyl terminus at the position trans with respect to the phosphorus centre. The isomer 7a showed dynamic behaviour with isomer 7b through a syn,anti isomerisation process. Hence, 7b could be assigned the exo,syn,trans structure, as the starting isomer 7a had the endo,syn,trans structure. On the other hand, the isomer 7a transformed into 7d by a cis,trans isomerisation process, indicating that 7d should be the exo,syn,cis isomer. The isomer 7b showed cis,trans exchange with the isomer 7c, and so the isomer 7c should be endo,syn,cis. Exchange cross-peaks were also observed between isomers 7a and 7c, as well as between isomers 7b and 7d. The exchange equilibria may be represented schematically as in Scheme 3.
The 31 P{ 1 H} NMR spectrum of complex 8 (see Figure 5 ) revealed eight doublets arising from four isomers. A deScheme 3 tailed NMR investigation ( 1 H NMR, 13 C NMR, 1 H-1 H DQF COSY, NOESY, and ROESY) indicated that all four isomers involved P,S-coordination with syn-allylphenyl arrangement, and that the major isomer had the endo,syn,-trans configuration (8a) as shown in Figure 4 . In contrast to complex 7, no anti isomer was formed in this case, owing to the presence of a relatively more bulky phenyl group on the allyl moiety. The exchange behaviour for 8aϪ8d was similar to that observed for 7aϪ7d; the exchanges are depicted in Scheme 4. The results can be explained in terms of the pathways shown in Scheme 5, the isomers 8a and 8d being related by cis,trans isomerisation and 8a and 8b by syn,anti isomerisation, with both processes occurring by means of a selective opening of the terminal allyl PdϪC bond located trans to the better π-acceptor phosphorus centre. Hence, the conversion of 8a into 8b or 8d was electronically controlled. In contrast, the isomerisation between 8d and 8c took place by a selective opening of the η 3 -allyl group at the cis position with respect to the phosphorus centre, and hence was subject to steric control over the opening of the η 3 -allyl moiety. The presence of a bulky allylphenyl group at the position cis to the ϪPPh(N 2 C 3 HMe 2 -3,5) group in isomer 8d exerted a more pronounced steric repulsion than in isomer 8a, in which the allylphenyl group resided at the position cis to the sterically less demanding ϪP(S)Ph 2 group. Hence, the opening of the η 3 -allyl moiety to a three-coordinated η 1 -bonded intermediate in isomer 8d relieved the steric strain. This type of steric control over syn,anti isomerisation has been observed in the case of a cationic allylpalladium complex bearing a P,S-ligand with a bulky allyl moiety. [18] Moreover, the isomer 8a exchanged with 8c, and 8b exchanged with 8d. Direct exchange between isomers 8a and 8c or between 8b and 8d should not be permitted, in view of their structural differences. However, NMR measurements clearly indicated exchange between 8a and 8c as well as 8b and 8d. The exchange information was transmitted via the intermediates 8b or 8d, resulting in an equilibrium among all four isomers 8aϪ8d. The rapid dynamic processes for 7 and 8 were most probably related to the fact that the free nitrogen atom on the pyrazole ring can coordinatively interact with the palladium centre in the η 1 -bonded intermediate. Such an interaction would stabilize the η 1 -bonded intermediate and could accelerate the dynamic process. It is well known that catalytic amounts of anions such as chloride or fluoride or polar solvents such as DMSO and acetonitrile, which can coordinate to the palladium centre, accelerate the dynamic processes in allylpalladium complexes. [21] Trends in 31 P Chemical Shifts
The 31 P resonances were assigned on the basis of the ∆δ [∆δ ϭ δ(complex) Ϫ δ(free ligand)] and sensitivity of the chemical shifts upon variation of the allyl moiety (see Table 1 ). The chemical shifts of one of the phosphorus nuclei in each of complexes 3Ϫ6 lay in the δ ϭ 71Ϫ73 ppm range, with ∆δ being only 4.2Ϫ0.5 ppm. The constancy in the magnitude of chemical shifts on changing the allyl component and the low ∆δ value suggested that this chemical shift could be assigned to the noncoordinated phosphorus atom bearing the pyrazole moiety. On the other hand, the chemical shifts of the other phosphorus nuclei showed a greater range of variation (δ ϭ 75Ϫ80 ppm). These phosphorus chemical shifts lay very much further downfield from that of the free ligand, and the magnitude of ∆δ was in the 30.7Ϫ35.0 ppm range. Hence, this chemical shift was assigned to the coordinated ϪPPh 2 phosphorus atom. For the P,S-coordinated complexes 7 and 8, the ϪP(S)Ph 2 and the ϪPPh(pyrazole) chemical shifts were assigned the values δ ϭ 73.6Ϫ79.5 and 91.7Ϫ95.7 ppm, respectively, based on the magnitude of ∆δ and chemical shifts observed for allylpalladium complexes of the ligands Ph 2 P(S)N(CHMe 2 )PPh 2 and Ph 2 P(S)N(CHMe 2 )P(S)-Ph 2 , and also the chemical shifts of P,P-coordinated complexes of 1a. [15] With regard to PϪP couplings, two observations were worthy of note:
(1) The 2 J P,P values for P,N-coordinated complexes of 1a and 1b lay in the 29Ϫ31 Hz range, whereas 2 J P,P values for P,P-coordinated allyl complexes are observed in the range of ca. 100 Hz. [15] (2) The 2 J P,P values for the P,S-coordinated complexes of 1c were in the 80Ϫ100 Hz range.
Conclusions
Diphosphazane ligands of the type Ph 2 P(E)N(R)-PPh(N 2 C 3 HMe 2 -3,5) (1), bearing a stereogenic phosphorus centre, exhibited diverse allylpalladium chemistry including various fluxional processes in solution. The preferred mode of coordination with the ligands Ph 2 PN(R)PPh-(N 2 C 3 HMe 2 -3,5) [R ϭ CHMe 2 (1a) or (S)-*CHMePh (1b)] was through the phosphorus and nitrogen atoms rather than the usually observed P,P-coordination. The former mode of coordination should electronically stabilise the allylϪpalladium bonding, besides giving rise to the formation of a six-membered chelate ring. On the other hand, the monosulfide ligand Ph 2 P(S)N(R)PPh(N 2 C 3 HMe 2 -3,5) (1c) displayed P,S-coordination and also gave rise to a larger number of diastereomers with different allylic arrangements than observed in the P,N-coordinated ligands (1a and 1b), which were more selective towards stabilisation of particu-lar allyl diastereomers. In addition, in the case of P,N-coordinated complexes, there was a drastic decrease in the relative abundances of the exo,syn,trans isomers of 1-phenylallyl derivatives (below 10%) compared to those (40%) of the exo,syn,trans isomers of 1-methylallyl derivatives. Such a trend was not observed for the P,S-coordinated complexes. As far as the dynamic behaviour is concerned, the activation barriers for exchange processes among various allyl isomers bearing the P,S-ligand were less than those observed for the allyl isomers formed by P,N-ligands. The exchange pathway involved an η 1 -allyl species generated by the opening of the η 3 -allyl moiety at the position trans with respect to phosphorus atom in the case of P,N-coordinated complexes, and so was subject to electronic control. In the case of P,S-coordinated complexes, on the other hand, exchange among the allyl diastereomers occurred through the opening of the η 3 -allyl moiety at either end (both trans with respect to the phosphorus atom as well as the sulfur atom). One possible reason for this difference is that the trans influences exerted by the two donor atoms Ϫ namely, phosphorus and sulfur Ϫ of the P,S-ligand (1c) would be reasonably similar to each other, whereas the trans influence of the phosphorus atom of the P,N-ligand (1a or 1b) would be much larger than that of the nitrogen atom, as evident from the 13 C chemical shift values of the allyl termini.
Experimental Section
General Remarks: Reactions and manipulations were carried out under purified nitrogen by standard Schlenk and vacuum-line techniques. The solvents were purified by standard procedures [22] and distilled under nitrogen. The chloro-bridged allyl dimers [Pd(η 3 -1-MeC 3 H 4 )(µ-Cl)] 2 and [Pd(η 3 -1-PhC 3 H 4 )(µ-Cl)] 2 were prepared as previously described. [23] Diphosphazane ligands 1a, the (S C R P ) diastereomer of 1b and diphosphazane monosulfide 1c were prepared according to literature procedures. [8d,9c] The NMR spectra were recorded with Bruker DRX 500 MHz and Bruker AMX 400 MHz spectrometers. Chemical shifts downfield from the reference standard were assigned positive values. Elemental analyses were carried out with a PerkinϪElmer 2400 CHN analyser. The 31 P{ 1 H} and 13 C NMR spectroscopic data are given in Tables 1 and 2 , respectively. The remaining NMR spectroscopic data are given below. Ϫ4 mol) was dissolved in 20 mL of acetone. The solution was stirred for 2 h at 298 K and the white precipitate formed during the reaction was filtered off. The resulting colourless filtrate was concentrated to 10 mL under reduced pressure, and the solution was layered by addition of 5 mL of hexane (b.p. 40Ϫ60°C) to yield colourless microcrystals. Yield: 0.140 g (93%). C 30 H 36 F 6 N 3 P 3 Pd (751.9): calcd. C 47.93, H 4.79, N 5.59; found C 47.56, H 4.88, N 5.53. m.p.191Ϫ194°C (dec.) . Major endo,syn,trans isomer (3a): 
Synthesis of Palladium
